The behavior of concrete members reinforced with fiber reinforced polymer (FRP) bars has been the focus of many studies in recent years due to their excellent corrosion resistance, high tensile strength, and good non-magnetization properties. However, the low modulus of elasticity of the FRP materials and their non-yielding characteristics results in large deflection and wide cracks in FRP reinforced concrete members. This review was focusing in different behavior of FRP bars in reinforced concrete (RC) structures. Data and information collected in this review were gathered from the experimental, numerical and analytical studies from previous researches.
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Low durability of glass fibers in a moist environment Low thermal and electric conductivity (for glass and aramid fibers) Low durability of some glass and aramid fibers in an alkaline environment High coefficient of thermal expansion perpendicular to the fibers, relative to concrete May be susceptible to fire depending on matrix type and concrete cover thickness Source: Tastani and Pantazopoulou [8] This review was focusing in different behavior of FRP bars in reinforced concrete structures. Data and information collected in this review were gathered from the experimental, numerical and analytical studies from previous researches. Nowadays, several codes and design guidelines are available for the design of concrete structures reinforced with FRP bars under flexural and shear loads. Meanwhile, limited research work has been conducted to examine the behavior of RC structures with FRP bars. The review hoped to be a good reference and guidelines for all engineers and researches in fields of composites material especially fiber-reinforced polymer to enhance the application of FRP for new construction or rehabilitation of existing structure.
HISTORY OF USE
Fiber materials with higher strength, higher stiffness, and lower density, such as boron, carbon and aramid, were commercialized to meet the higher performance challenges of space exploration and air travel in the 1960s and 1970s. FRP products has been use since 1940s but only recently has won the attention of engineers involved in the construction of civil structures [9] . At first, composites made with these higher performing fibres were too expensive to make much impact beyond niche applications in the aerospace and defense industries. In the 1970s, work hard was begun to lower the cost of high performance FRPs and promote substantial marketing opportunities in sporting goods [10] . By the late 1980s and early 1990s, increased importance was placed by fiber and FRP manufacturers on cost reduction for the continued growth of the FRP industry as the defense market waned [11] .
As the cost of FRP materials continued to decrease and the need for aggressive infrastructure renewal becomes increasingly evident in the developed country, pressure has mounted for the use of these new materials to meet higher public expectations in terms of infrastructure functionality [12] . Aided by the growth in research and demonstration projects funded by industries and governments around the world during the late 1980s and throughout the 1990s, FRP materials are now finding wider acceptance in the characteristically conservative infrastructure construction industry [13] . Since nowadays it has won the attention of engineers in the construction, research aimed at developing innovative and appropriate applications of FRP has been encouraged for sustainable construction. It has relatively large impact to cost ratio where few resources are engaged to result in a significant fabrics and laminates as shown in Figure 1 [14] [15] [16] .
Figure-1. Different FRP products
Source: Mutalib and Hao [15] 
FIBRE REINFORCED POLYMER COMPOSITE MATERIAL
A composite is defined as the assembly of two or more distinct materials to achieve new material whose overall performance is higher than the individual ingredients [17] . FRP are composites that consist of two components: the fibres, which are the load carrying elements, and the matrix, which ensures the cohesion of the fibres, the retransmission of applied loads to the fibres, and the protection of fibres from the external environment. The matrix, such as a cured resin-like epoxy, polyester, vinyl ester, or other matrix acts as a binder and holds the fibres in the intended position, giving the composite material its structural integrity by providing shear transfer capability. Figure 2 shows the concept of FRP composite. The benefits of using composites are: light weight, high tensile strength, and durability if compared to traditional steel reinforcing rebars [18] .
Figure-2. Basic material components of FRP composite
Source: Nacer [18] Aramid, Carbon, and Glass are the most common types of fibres used in civil engineering applications. Table 2 shows typical values of the physical and mechanical properties of these fibres. Aramid fibres are characterized by their good fatigue resistance. However, they are susceptible to damage by ultraviolet radiation. Table 3 .  Bend portion strength
MECHANICAL PROPERTIES OF FRP REINFORCING BARS

Axial Tensile Strength
Axial tension testing of high strength unidirectional composites is often a challenge because load should be transmitted from the testing apparatus to the specimen via shear, and the shear strength of a unidirectional composite is typically much lower than its axial tensile strength. Further, shear gripping will load the external fibers more than the internal ones causing shear lag and progressive fiber failure. To avoid these problems, end tabs are required when testing flat laminates. Special anchors are required for testing FRP rods and bars by inserting their ends into steel cylinders that are subsequently filled with either a polymer resin or a cement-based grout as described in ACI 440.1R-06 [19] . Also, CSA S807-10 [20] specified ASTM D7205/D7205M-06 [21] standard method to get the bar tensile properties. Table 4 to Table 7 represents axial tensile strength and modulus of elasticity for FRP bars as provided in the North American codes and design guidelines and as produced by different companies. 
Compressive Strength
There is no standard axial compression test for FRP composites because there are many different failure modes [19] . The mode of failure is buckling, ranging from buckling of the entire specimen cross section or local micro buckling of individual fibers. Thus, the greater resistance to buckling the test fixture provides, the higher the compressive strength values obtained. For flat laminate FRP composites, many axial compression test methods in current use are some variation of the Celanese compression test as in ASTM D3410 [21] . This test uses a thin, straight-sided specimen that looks very much like an axial tension specimen except that the distance between tabs is much smaller. Testing of FRP bars in compression is typically complicated by the occurrence of fibre microbuckling due to the anisotropic and non-homogeneous nature of the FRP material, and can lead to inaccurate measurements. Therefore, standard test methods are not established yet. For the case of FRP bars, reductions in the compressive strength by 50% must be considered.
Shear Strength
Most FRP bar composites are relatively weak in inter-laminar shear where layers of unreinforced resin lie between layers of fibers. Because there is usually no reinforcement across layers, the inter-laminar shear strength is governed by the relatively weak polymer matrix. On the other hand, interface problem between vinylester resin and carbon fiber appeared and results very low inter-laminar shear strength compared to glass fiber. In addition to, carbon fibers are more brittle than glass fiber with ultimate elongation 1.32% and 1.56% for carbon and glass fibers, respectively. Also, orientation of the fibers in an off-axis direction across the layers of fiber will increase the shear resistance, depending upon the degree of offset. For FRP bars this can be accomplished by braiding or winding fibers transverse to the main fibers. Off-axis fibers can also be placed in the pultrusion process by introducing a continuous strand mat in the roving/mat creel.
Bond Strength (Pull-out Test)
The bond properties of FRP bars have been extensively investigated by numerous researchers through different types of tests, such as pull-out tests, splice tests, and cantilever beams, to determine an empirical equation for embedment length [12] . The bond stress of a particular FRP bar should be based on test data provided by the manufacturer using standard test procedures that are still under development at this time. ACI 440.1R-06 [19] specified a standard test method for bond strength of FRP bars as shown in Figure 3 .
Figure-3. Schematic drawing of pull-out test
Source: Benmokrane and Tighiouart [12] Bond failure between steel or FRP reinforcing bars and concrete occurs predominantly in two modes: pull-out and splitting. If the concrete around the bars is well confined, or the concrete cover is large, or the bar embedment length is small, bond failure occurs in pullout mode. On the other hand, if the concrete cover is relatively small, and/or the concrete is unconfined, bond failure occurs in splitting mode. For most practical applications of steel reinforced concrete, bond failure occurs by splitting. For pull-out mode of bond failure, the bond strength of steel bars with short embedment lengths (less than 7 db) called local bond strength is mainly dependent on the concrete compressive strength f c. As the development or embedment length of the bar increases, the bar force at bond failure increases but because the bond stress distribution along the embedment length becomes non-uniform, the average pullout bond strength at bond failure decreases.
BOND BETWEEN FRP BARS AND CONCRETE
As far as the structural performance of RC members is concerned, bond between FRP reinforcement and concrete is the most significant aspect that controls the structure's capacity, ductility, and serviceability. In this aspect, bond of GFRP and CFRP bars to concrete has been widely investigated, which resulted in a significant amount of experimental data on their bond performance [8, 19, [24] [25] [26] . It was established that parameters such as concrete strength, bar diameter, embedment length, and concrete confinement significantly affect the bond performance of FRP bars to concrete [5, [27] [28] [29] . Bond development is strongly dependent on the mechanical and physical properties of the surface of the FRP bar and the constituents of the FRP material. It varies widely between different FRP bars due to the unique properties of each bar. In the following sections, the parameters influencing the bond performance of FRP bars to concrete are highlighted.
Surface Treatment
Nowadays, many types of FRP bars having different surface treatments and characteristics are available. The FRP bar surface may vary between deformations (ribbed, braided, or indented), or sand coating, or a combination of both. Cosenza [1, 30] tested GFRP bars with various surface deformations (Figure 4 ) to compare their bond performance to concrete. The bond strength for the ribbed and indented FRP bars was found to be 11.6 MPa and 10.2 MPa, respectively. These values of bond strength were comparable to those obtained for deformed steel bars (11.9 MPa) but were much lower than the bond strength of sand-coated bars (17.7 MPa). The authors concluded that sand grains glued to the bar surface enhanced its bond strength and that the surface deformation play an important role in developing bond between concrete and the bar's interface. 
